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the balance comprise* iron and ordinary impurities, 
f the contents* of Cr and Mo is within the range of about 
about 0.70% and the Cu/Ni quantity ratio in case of the 
of both elements is limited to at iftost 1, are heated to 

of about 1150 to about 1280 *C and hot-rolled into 
multiple atages and, after leaving the last hot-rolling 
tubes which have a temperature above A c3 are quenched 
from the rolling heating in about 5 to about 5 0 seconds, 
avoiding formation of ferrite, down to a 
range of about 340-560 -C and thereafter the tubas are 
cooled in air. 
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The present invention relates to a method of 
manufacturing hign- strength seamless steel tubes by hot rolling 
followed by accelerated cooling from the rolling heat* The 
tubas are suitable for use aa oil-field and conduit pipes and 
comply at least to API-grade X7 0, 
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Background pf thm xnvflntioa 

seamless tubes are customarily waniifacturad by tha hot 
of atoel ingots which have baen heated to about 12 00- 
The main shaping of the rolling process takes place just 
the ingot drawing temperature and thcr^fora at very high 
uraa, The reoryetalliaation of the structure caused by 
leads, because of these high temperatures, to strong 
growth and, accordingly, to a corresponding impairment of 
of the material. Therefore, up to now it has 
been considered necessary to follow the rolling process by 
heat treatment in the form of a normalization or age- 
process thereby obtaining a finer structure and 
th.e toughness properties by re~granulation. 
Such a heat treatment requires a considerable 

of time and money so that it appeared desirable to 
:his additional treatment. In principle, it is possible by 

cooling, after the hot rolling, to produae a bainitic 
:ir* in the tube and, therefore, to substantially avoid both 
formation and martensite formation. h. bainitic 
in addition to providing high strength values, 
s good toughness properties. This method has, however, 

been possible up to now on a large industrial scale 
:ha control of the temperature during tha accelerated 

step could not: be effaotad in such a manner as to assure 
ing of the bainite region. 
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This is due to the fact that the individual at eel tubea 
have temperatures which not only differ from each 
the end of the last rolling step but also show 

e differences in temperature over the length of the 
even over the circumference of the tube, These 

in temperature amount typically to up to about 100*0 
as measured at the end of the accelerated cooling step in 
Unchanged amount. Therefore, in actual practice, a 
ing temperature cannot be achieved. 
This, however, means that, due to the cooling, a 
region is obtained in the desired manner only in 

zones of the tube, while in the other zonea ferrite is 
fby excessively slow or insufficiently deep cooling) or 
ensite (due to excessively deep cooling). Aa a whole, 
have toughness and strength properties which differ 
From each other locally and they are thus not suitable 
intended use. 

Prom Federal Republic of Germany 33 11 629 C2 a method 
is known, however, which permits the manufacture of high-strength 
seamless oil-£i«ld tubes of good toughness properties from a 
steel having the following composition: 
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the balance being iron and ordinary impurities. 

In order to obtain a finely granular structure, the 
method provides for a controlled final rolling at low 
(700-B50 *C) , whereby a completely uniform starting 
is assured by a previously affected equalizing 
ovar the length of the tube after it haa been prerolled 
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After the final rolling, the tube is cooled with water 
to room temperature and finally also tempered in ordor 
the strength properties. The intermediate or 
heat treatment maans an additional ©xpanoa with 
technical plant and energy consumption. 
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flmanary of thfe-JCnverrtloft 

An object of the invention is, therefore, to provide a 
of manufacturing seamless stool tubes having high yield 
high tanaile strengths with, at the same time, good 
properties (A v+2 q« c > 60J) (API-grade X7 0 or higher) 
having to subject the tubes to an additional h&at 

after rolling. According to this method, temperature 
a in the rolled tubes directly before the cooling of 
of between About 100-150 K are permissible without 
the desired properties. The tubes can also be 
at low price and therefore do not reguire large 
es of expensive alloy elements. 

This object is achieved by a method of manufacturing 
high strength seamless steel tubes by hot rolling followed by 
accelerated oooling, vhich comprises (a) providing feed ingots of 
a stee}. annealed with aluminum and/or silicon having the 
following composition in weight per cent J 
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the bajLance being iron and ordinary impurities, the sum of the 
contenjbs of cr and Mo lying within the rang© of about 0.20 to 
about b.70% and the Cu/Hi quantity ratio in case of the presence 
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of both elements being limited to at most 1; (b) heating said 
feed ingots to a temperature of about 1150 to about 1280 °C and 
hot-rolling said ingots into tubes in multiple stages; and (c) 
after leaving the last hot-rolling stage, quenching said tubes 
having a temperature above directly from the rolling heat in 

about 5 to about 50 seconds preferably substantially avoiding 
formation of ferrite down to a temperature range of about 340- 
560 °C and thereafter further cooling said tubes in air. By 
"substantially" avoiding formation of ferrite is meant that the 
formation of ferrite does not exceed about 10% by weight. The 
steel composition of the present invention does not contain more 
than about 0.04% by weight of Nb and Ti . 

In preferred embodiments: at most about 0.04% by 
weight of Nb is added to said steel; at most about 0.04% by weight 
of Ti is added to said steel; the ferrite formation does not 
exceed 10% by weight. 
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being iron and ordinary impurities. 

As can he noted from Pier i ^ 

Fig# x ' Measured values of tha 

Point and of th. t—n. fltwigth „ r . approximately 

1 " V-1 With « t«.p. ratllr . rang „ or 350 _ 52o . T ^ 

[point mio. Rt0 . 5/Rffl ar . r ln ail eM-a i«oa than eo% 
the coar.e i„ ltial .tructur.. th. .t..l wh ioh h aa been 
- to tha cooling t « atai . nt ef th . pr . S(mt 

notched bar impact work values (Pier T ^ 

iUftfl (Fi *' 2 >- *n the rang* of 
ca*ch temperature from 350-520 -c it i, u 

it is in all cases olearly 
50 J at a test temparaturs of +2o*c. 

xna method of tha present invention render, possible 
uae of a low-coat alloy and despite tha aisp«n»i» g wl * h 
and separate heat treatment, to manufacture high- 
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str.ng.n tub.. such as oil-ciaid ana conduit pipes. By tho 

S0 ° elMat ' a ° 00lin * fr ™ th. roiling boat, a bainite structure 
having good toughness properties ov.r the entire length or the 
tube i, definitely produced, even on tubee which exhibit a non- 
uniform temperature distribution. Difference, in the oatoh 
temperature of up to about io= K and, depending on the 
composition of the alloy, above thi. temperature, do not have a 

* Bl B "* ct on tha or toughness propertiee of the 

tubes bo produced. 

While there hae b. sn described and illustrated a preferred 
embodiment of the present invention, it i. * ppar . nt that numerous 
alterations, omissions and addition, may be made without 
*.p«rti^ g from the spirit and scope of the invention thereof. 

It should also be understood that the preferred 
•mhodlmtnt and example described above are for Illustrative 
purpose, only and are not to be construed as limiting the scope 
of the Invention which is properly delineated only in the 
appended claims. 
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claims 

What io claimed iei 

1. A method of manufacturing high-strength odarnleas 
steel tubes by not rolling followed toy accelerated cooling, 
comprising the following steps: 

a) providing Coed ingot* of a steel annealed with 
aluminum and/or silicon, having the following composition in 
weight^ par cent: 
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ance being iron and impurities, the Bum of the contents of 
Ho lying within the range of about 0,20 to about 0*70% and 
C^i/Ni quantity ratio in case of the presence of both alaments 
limited at moot 1; 

b) heating said feed ingots to a tamperature of about 
to about 1280-C and hot-rolling said ingots into tubes in 

lti£>le stages; and 

c) after leaving tha last hot-rolling stage, quenching 
said tubes having a temperature above A C3 directly from the 
rolling heat in about 5 to about 50 seconds substantially 
avoiding formation of ferrite down to a temperature range of 
about 340-560 'C and thereafter further cooling said tubes in air. 
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2. The method according to Claim 1, whoroin at most 
about: C.04% by weight of Kb is addled to said steel. 

3, The m»thod according to Claim 1, wh«r*in at moat 
about C.04% by weight of Ti is added to said eteeX. 

4, The method aocording to claim 2, wherein at moat 
0.04% ky weight of Ti is added to said ataeX. 

5. The method according to Claim X, wherein the 
ferrit« formation does not excaeed 10% by woight. 
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